crescent band, which may be slightly interrupted in the middle where it is nearly as broad as or narrower than the premaxillary band.
Heterobranchus longifilis (Fig. 2) is a freshwater omnivore which feeds on insects, detritus, benthic invertebrates, tadpoles, shrimps and small fishes (Agbo, 2015) . It is characterised by a dorsally flattened broad and bony head with four pairs of barbels and arrayed dorsal fin followed immediately by an adipose fin. The length of the adipose fin varies with the species. H. longifills has dorsal and adipose fins equidistance and black spot near to the end of adipose fin. The mouth of this species has no teeth but an abrasive plate, a large buccal cavity and chemosensory barbels which help in locating food (Agbo, 2015) .
Fish oil is one of the most important animal lipids and other vital nutrients' sources that are widely consumed by all races and classes of people (Abolude and Abdullahi, 2005) . Lipids from fish are well known as a rich source of long-chain n-3 polyunsaturated fatty acids (LC n-3 PUFA) such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) which cannot be synthesized by humans which are commonly obtained from the diet (Alasalvar et al., 2002) . These polyunsaturated fatty acids play crucial roles in various physiological and biochemical processes such as precursors of cellular mediators, maintenance of membrane fluidity, and regulation of enzymes involved in lipid metabolism, and acylation of proteins (Nelson and Cox, 2008) . Adequate intake of the essential fatty acids results in numerous health benefits. Documented benefits include prevention of atherosclerosis, reduced incidence of heart disease, stroke and relief from the symptoms associated with ulcerative colitis, menstrual pain and joint pain.
The nutritional quality of food is very important. The nutritional importance of seafood has increased substantially because of the beneficial effects of eating seafood fats and oils (Azam, 2004) . The nutritional quality of seafood is affected by body part of the seafood being consumed, method of handling, processing (including cooking at home) season of harvest, sex and species (Krzynowek, 1988) . Several methods are used to determine the quality of fish. Physical methods involve the measurement of pH, texture or electrical properties (Chebet, 2010) . Chemical methods rely on measurement of metabolite(s) produced during fish storage or distribution, and include among others the acid, peroxide, p-anisidine and total oxidation value (TOTOX) (Chebet, 2010) . The main purpose of this research work is to determine the acid value, peroxide value, p-anisidine value, TOTOX value and the fatty acid composition of the extracted oil from H. longifillis, C. gariepinus and C. gariepinus.
MATERIALS AND METHODS

Sample Collection
Matured species of wild catfish namely C. gariepinus and H. longifilis were bought from Otuocha local market close to Otuocha River, Anambra State. The fishes were identified by Mr Vincent Onyeche of National Institute for Freshwater Fisheries Research Bussa, Niger State (Asaba branch). 
Processing of fish samples
The fresh fish samples were washed and blotted dry. Individual fresh samples were separated into their anatomical fractions head, bones, flesh and processed using standard methods of the Association of Official Analytical Chemists (AOAC, 1994) . The flesh samples were oven dried at 105 °C. Exactly 220 g of the dried samples were milled into homogenous powder using manual vortex blender. The powdered dried fish sample were stored in airtight container at room temperature. The powdered sample were later used for analyses.
Extraction and Crude Lipid Determination
Exactly 20 g of the powdered dried fish sample was placed into a pre -weighed extraction thimble (W1) and the weight recorded (W2). A dry 250 ml round bottom quickfit flask was weighed (W3) with a few anti bumping granules inside. The thimble was fitted into the extraction unit of the soxhlet extraction apparatus using a pair of forceps. 300 ml of petroleum ether (40 -60 °C boiling point) was poured into the flask. The apparatus was connected to a condenser. The heating rate was adjusted to give a condensation rate of 2 to 3 drops. After reflux extraction for 4 hours, the thimble was removed and the ether was reclaimed using the apparatus by distilling out some ether. The removal of ether from the flask containing a mixture of ether and extracted fat was completed on a boiling water bath and the flask dried in an oven at 105 °C for 30 minutes. After this, the flask with the pure fat content was cooled in a desiccator and weighed (W4 The acid value of the oil sample was determined according to the procedure described in the AOCS official methods (AOCS, 1989) . Exactly 125 ml of 1:1 toluene-isopropyl alcohol and 2 ml of phenolphthalein indicator were placed into a 250 ml Erlenmeyer flask and neutralized by with 0.1 N potassium hydroxide to a faint but permanent pink color (1 st titration). In another Erlenmeyer flask, 2.5 g of the extracted oil sample was weighed and 125 ml of 1:1 toluene-isopropyl alcohol and 2 ml of phenolphthalein indicator was added to the oil sample and mixed thoroughly. Titration was then carried-out with 0.1 N potassium hydroxide to permanent pink color (2 nd titration). The acid value (g KOH/kg of sample) was calculated.
Where A is the volume of standard KOH used in titrating the oil sample in ml; B is the volume of standard KOH used in titrating the blank(1 st titration); N is the normality of standard KOH; W is the weight in grams of oil sample and 56.1 is the molecular weight of KOH.
Determination of Peroxide Value
The peroxide value of the oil samples was determined using the procedure described in AOCS official method (AOCS, 1989) . Exactly 5 g of oil sample was placed in a 250 ml Erlenmeyer flask. Then 30 ml of 3:2 acetic aciddichloromethane were added and the flask was swirled to dissolve the sample. 0.5 ml potassium iodide solution was added and the solution was allowed to stand for 1 min. this was followed by the addition of 30 ml of distilled water. This mixture was titrated against 0.1 N sodium thiosulfate until the yellow color disappeared. About 0.5 ml of starch indicator solution was added and the titration continued with constant agitation till the blue color disappeared. A blank was prepared without adding the oil sample. The peroxide value was calculated.
= ( − ) 1000
Where S is the volume of titrated oil sample (ml); B is the volume of titrated blank (ml); N is the normality of sodium thiosulfate solution and W is the weight of oil sample (in gram).
Determination of P-Anisidine Value
The p-Anisidine value of oil sample was determined using the procedure described in the AOCS official method (AOCS, 1989) . Exactly 1 g of oil was placed into a 25 ml volumetric flask. It was dissolved in iso-octane and diluted to 25 ml with iso-octane (fat solution). The absorbance of the fat solution was read at 350 nm in a 3 ml glass cuvette with a Cam 253 series spectrophotometer against pure iso-octane. Pipette 5 ml of the fat solution into a test tube A and 5 ml of iso-octane into a test tube B. Add 1 ml of p-anisidine reagent into test-tubes A and B. Both tubes were thoroughly shaked. After 10 minutes, their absorbance was read at 350 nm.
Where AS is the net Absorbance of the fat solution after reaction with the p-anisidine reagent; AB is the net Absorbance of the fat solution; W is the weight of oil (g); 25 is the size of volumetric flask used and 1.2 is the correction factor.
Determination of TOTOX Value
TOTOX means "Total Oxidation", calculated as twice the Peroxide value (PV) plus Anisidine value (AV).
TOTOX value = 2PV +AV
Fatty Acid Profile Analysis
Exactly 1 ml of oil sample was dissolved in 50 ml of chloroform and transferred to a l00 ml volumetric flask. After which 1 ml of Hilditch reagent was added and the reaction mixture was then sealed and placed in a water bath for 30 minutes at 40 °C. This was followed by extracting 1 ml from the reaction mixture, and was then mixed with 1 ml of hexane and 1 ml of water. The mixture was shaken vigorously for 2 minutes. When a stable emulsion was formed it was then centrifuge at 4000 rpm for 10 minutes at 25 ˚C. Half of the top hexane phase was transferred to a small test tube for injection into gas chromatographic chamber for analysis. Fatty acid analyses were carried out using the Association of Official Analytical Chemist method (AOAC, 1990) .
Fatty acids of the fishes were analyzed with a Buck 530 gas chromatograph equipped with capillary column SP-2330 and a flame ionization detector (FID). Separation of fatty acid methyl esters was achieved by using fused silica capillary columns (30 m x 0.25 mm x 0.20 μm film thickness). The oven temperature was set at 120 o C for 2 minutes then raised to 220 o C with a ramp rate of 5 o C/min, and then held for 15 minutes. The injector and detector temperatures were maintained at 240 o C and 250 o C, respectively. The carrier gas was helium 10 psi with a split ratio of 1/50. The air and hydrogen pressure were 338 ml/min and 45 ml/min respectively. Results were expressed as the percentage of each fatty acid with respect to the total fatty acids.
Statistical analysis
The mean value and standard error mean were calculated from the result obtained from the three samples for each specie. All statistics were performed using SPSS 2.2 version 1 for Windows (SPSS Inc., Chicago, IL. USA).
RESULTS
The percentage oil yield of the two different species of catfish is presented in Table 1 as mean ± standard deviations of triplicate determinations. H. longifillis had the highest oil composition of 15.38 %/100 g dry weight (DW).
The results obtained from the qualitative characterization of extracted oil samples were presented as mean ± standard deviation of triplicate determinations in The results of the fatty acid profile of C. gariepinus oil was presented in Table 3 . Six fatty acid methyl ester mixtures were identified in oil extracted from C. gariepinus. Only one was a polyunsaturated fatty acid (C18:2 Δ9,12 Linoleic Acid) while the rest were saturated fatty acids. Miristic Acid had the highest concentration (17.63 %) among the saturated fatty acids as shown in Table 3 . The results of the fatty acid profile of H. longifilis oil was presented in Table 4 . Six fatty acids were detected in H. longifilis. Out of which two were unsaturated (Oleic Acid and Linolenic Acid) while others were saturated fatty acids. Among the saturated fatty acids, palmitic acid had the highest concentration (21.04 %). Linolenic Acid had the highest concentration of 60.17 % among all the fatty acids identified (Table 4) (ɣLinolenic Acid) 60.17 Table 5 is a presentation of the comparative analysis of the fatty acids present in the oils extracted from H. longifilis and C. gariepinus fatty acids composition. 
DISCUSSION
The characterization of fish oil is important as it helps in checking the quality of the oil and its nutritional value. In the present study, the oil extracted from the two catfish species were characterized based on peroxide value, acid value, panisidine value, TOTOX value and fatty acid profile. From Table 1 , H. longifillis had the highest oil composition of 15.33±0.28 %/100 g DW which is slightly higher than the fillets of C. gariepinus which had oil composition of 14.83±1.61 %/100 g DW respectively. These individual differences may be explained by the nutritional status of each individual. However, the individual differences in catfish fillets are very surprising since they all have the same access to food. Explanations could be hierarchy or differences in appetite or effects of environmental conditions. For example, Okonji et al. (2015) found that farmed C. gariepinus fed with commercial diet (coppens) from the Faculty of agriculture, department of fisheries experimental tanks, University of Benin Benin-city, Edo state, Nigeria and wild C. gariepinus from Ikpoba River, Benin-city, Edo state, Nigeria had a fat content of 6.543 % and 5.82%, respectively. The high lipid contents of the studied fishes make them good sources of oil when compared to other fishes, even farmed fish.
The peroxide values obtained indicates that H. longifilis and C. gariepinus has 5.33±1.15 Meq/kg and 3.33±1.15 Meq/kg respectively. The peroxide value represents the number that expresses in milliequivalents of active oxygen the quantity of peroxide contained in 1000 g of the substance (European Pharmacopoeia, 2005) . The number of peroxides present in the oil is an index of their primary oxidative level and its tendency to go rancid. The lower the peroxide value the better the oil quality and its state of preservation (CDR, 2008) . The recommended range of peroxide value by FAO for peroxide value is ≤5 meq/kg (FAO, 2008) . Peroxide values obtained for both extracted oil are below the recommended limit. H. longifilis oil can be seen as the best fish.
The results obtained for the acid values for H. longifilis and C. gariepinus are 2.03±0.23 gKOH/kg and 1.89±0.12 gKOH/kg respectively. The acid value is important because it is still a reliable parameter for oil quality (FAO, 1986) . The recommended range of acid value is < 3 gKOH/kg (FAO, 2012) . The present results corroborate with the findings of Islam et al. (2013) who reported a lower acid value of 1.93 mg KOH/g for a wild species of Clarias (Clarias batrachus) from Bangladesh and differs with Abdulkadir et al. (2010) who reported that the acids value of oil obtained from wild C. angullaris from Minna Niger State, Nigeria, was 5.04 mg KOH/g. The lower acid values of the studied fishes is an indication that they can be stored for a long time.
The non-volatile secondary oxidation end-products are measured by p-anisidine value. The p-anisidine value is usually associated with the term oxidative rancidity which is an indicator of the level of off-flavour and off-odours (St. Angelo, 1996) . The results from the present study indicated that the anisidine values of H. longifilis and C. gariepinus are 15.38±0.20 and 13.58±0.28 respectively. The values are within the recommended allowable limit of < 20 set by FAO for quality and acceptability of fish oils for human consumption. However, H. longifilis has the highest panisidine value, 15.38±0.20 probably due to higher composition of PUFA than C. gariepinus which may cause the oil to undergo secondary oxidation faster.
The total oxidation value (TOTOX) is a quality parameter used to determine the presence of various compounds such as hydroperoxides, aldehydes and ketones which are generated by degradation of polyunsaturated fatty acids under prooxidant conditions including high temperatures, oxygen, metallic compounds and light (Rubio-Rodriguez, 2012 (Henderson and Sargent, 1985) . This is related with the results of Okonji et al., (2015) who identified six fatty acids: Palmitic (28.14 g/100g), Linoleic (23.48 g/100g), Oleic (21.40 g/100g), Stearic (15.44 g/100g), Linolenic (10.28 g/100g), and Behenic (0.85 g/100g) in wild catfish from Ikpoba River, Benin-city, Edo state, Nigeria. In H. longifilis, unsaturated fatty acid (60.19 %) were more than saturated fatty acid (39.81 %) and polyunsaturated fatty acids (60.17 %) were more than monounsaturated fatty acid (0.02). In C. gariepinus, the polyunsaturated fatty acids (68.75 %) were more than saturated fatty acids (31.25 %) and monounsaturated fatty acids was not found. Also, the high percentage of unsaturated fatty acid could be attributed to their natural habitat as organisms synthesize or accumulate polyunsaturated fatty acids to ensure membrane fluidity at reduced temperatures (Nelson and Cox, 2008) . Zenebe et al. (1998) have argued that variation in tissue lipid and fatty acid in herbivorous fish is greater than in those of carnivore fish and is due to the diversity of food habit. H. longifilis is a freshwater omnivore which feeds on insects, detritus, benthic invertebrates, tadpoles, shrimps and small fishes while C. gariepinus is an herbivore (Agbo, 2015) .
All the PUFA identified in all the fishes are of n-6 PUFA (polyunsaturated fatty acids) (Table 5 ). This finding agrees with Ugoala (2008) who reported that n-6 PUFAs are the dominant PUFA in some freshwater fishes. The n-6 derivatives are stronger and tends to trigger of inflammation, which underlies conditions such as atherosclerosis (Pratt and Cornely, 2014) . However, the relative amounts of n-3 and n-6 fatty acids might therefore matter more than the absolute amount of n-3 fatty acids consumed (Pratt and Cornely, 2014) . Thus, the fishes should be consumed with caution. The palmitic, lauric acid, mistric acid and stearic acid were the major types of saturated fatty acids found in the studied fish groups (Table 3-5) . Miristic acid was highest in C. gariepinus. This finding is similar to the report of (Ollis et al, 1999; Okonji et al., 2015) who reported mistric acid as the dominant saturated fatty acid in wild C. gariepinus. Palmitic acid were highest in H. longifilis. A common constituents in liver is palmitoleic acid. It is biosynthesized from palmitic acid (C16:0) which is found in considerable amounts in H. longifilis. Fish having energy depots in the form of lipids will rely on this palmitoleic acid. It is a beneficial fatty acid which when consumed increases insulin sensitivity by suppressing inflammation and inhibits the destruction of pancreatic betacells which are known to secrete insulin (Dutta and Dutta, 2013) . These existing interspecies variability in the composition of fatty acid of fish lipids (and of the specific PUFA in particular) can be explained by the existence of a large number of external factors (environment, tropic effects) and internal factors (fish species, feeding regime and digestion, life cycle, stage, composition of lipids triglycerols, phospholipids and their topographical origin) (Ashim et al., 2014) .
Food with polyunsaturated and saturated fatty acids ratio (PUFA/SFA) below 0.45 have been considered as undesirable by the Department of Health and Social Security, United Kingdom (1984) ; this ratio coincide with recommendation by Enser et al (1998) based on information from the English Health Department, United Kingdom: foods with ratio under 0.45 have the potential to raise blood cholesterol levels. In this study, the ratio of PUFA/SFA was 2.20 for C. gariepinus and 1.50 for H. longifilis. These values are higher than the value (0.45) as recommended by the Department of Health and Social Security, UK. This is an indication that the oils from both species of fishes are would be beneficial to the body when consumed.
CONCLUSION
The present study has indicated that the studied catfish oil are of high quality as all the quality parameters analysed are within the recommended range of FAO. Also, they are all nutritionally important in terms of PUFA/SFA ratio as all the catfish species had high content of PUFA/SFA ratio. However, C. gariepinus oil could be regarded as the best by having the highest PUFA/SFA ratio of 2.2, and best quality parameters analysed.
